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INFLAMMATION IS THE HOST RESPONSE to microbial or chemical stimuli and typically involves migration of inflammatory cells, such as neutrophils into the affected organ (25) . Acute lung injury (ALI) imposes a heavy burden on public health, with more than a 50% in-hospital mortality rate (32) . ALI is characterized by the migration of activated neutrophils into lung vasculature and alveoli and can arise from local pulmonary or systemic inflammation (32) . The activated neutrophils live longer and cause significant tissue damage through inflammatory products such as proteinases and reactive oxygen species (13, 32) . The paradox of neutrophil biology is highlighted by the fact that although activated neutrophils are essential for clearing bacteria, the tissue damage caused by them contributes to organ failure, morbidity, and mortality (1, 32) . Hence, there is a need to find ways to regulate neutrophil migration, activation, and their life span in ALI.
Angiostatin is a potent endogenous antiangiogenic molecule that is a Kringle 1-4 or Kringle 1-3 product generated from plasminogen-derived plasmin through actions of phosphoglycerate kinase, serine proteinase, and matrix metalloprotease (19, 28, 43) . Proteolysis of membrane-bound plasmin generates angiostatic molecules in vitro and in vivo (11) . Angiostatin and plasminogen appear as early as day 1 and day 3 after generation of the wounds, peaks during the last phase of wound healing, and almost disappears after healing (6) . Angiostatin released from neutrophils mediates the initial angiogenic switch in the mouse model of multistage carcinoma (4, 26, 30) . Platelets are also well known to produce angiostatin from urokinase-type plasminogen activator (uPA) (17) .
Angiostatin binds to several cell surface proteins (38, 43) , such as ATP synthase F 1 F 0 , heat shock proteins 27 and 70, annexin II (33, 36) , and angiomotin (40) to produce anoikis, apoptosis, and cell migration. Angiostatin binds to adhesion proteins, such as integrin ␣ v ␤ 3 expressed on neutrophils and the apical and basal surfaces of endothelial and epithelial cells (34, 39) . Angiostatin inhibits recruitment of peripheral blood leukocytes and angiogenesis in a mouse model of peritonitis (8) by inducing the expression of adhesion molecules (ICAM-1, E-selectin) (9, 22) , interacting with Mac-1 (␣ M ␤ 2 ) integrin and inhibiting NF-B. Increased levels of angiostatin in bronchoalveolar lavage (BAL) from patients with acute respiratory distress syndrome are cytotoxic to endothelial cells in vitro (12, 21) . We have reported increased immunohistological expression of angiostatin and its receptor integrin ␣ v ␤ 3 in septic lungs compared with normal human lungs (35) . However, there are no data on the effects of angiostatin on the pathogenesis of ALI.
There have not been any major breakthroughs in the development of new therapeutics for acute respiratory distress syndrome and ALI (32) . One of the therapeutic targets in ALI is modulation of the exuberant migration of activated neutrophils into inflamed lungs to mitigate lung injury. Because angiostatin has been shown to inhibit neutrophil migration in a mouse model of peritonitis (8) and because there are no data on its roles in ALI, we tested a hypothesis that angiostatin will inhibit endotoxin-induced lung inflammation and injury in a mouse model.
Intranasal E. coli LPS-induced Mouse Model of Acute Lung Injury
We used an intra-nasal LPS instillation mouse model of ALI (37) and the 9-h treatment groups are shown in Fig. 1A . Peripheral blood was collected through cardiac puncture from anesthetized animals for differential, as well as total peripheral leukocyte counts, and lungs were lavaged with a total of 1.5 ml of ice-cold Hank's balanced salt solution. The right lung bronchus was ligated while the left lung was fixed in situ through intra-tracheal instillation of 4% paraformaldehyde for 1 h, after which the right lung was snap-frozen. In another set of experiments, angiostatin (20 mg/kg) was subcutaneously administered 5 h following LPS instillation, and mice were euthanized at 15 or 24 h after LPS treatment (Fig. 1B) . We also conducted experiments in which angiostatin was either coadministered at 10 mg/kg intravenously with intranasal LPS or injected intravenously 5 h (20 mg/kg) after treatment with LPS. The mice were euthanized at 12 h after LPS treatment.
Peripheral blood leukocyte counts. Total cell counts and differential leukocyte counts were done after red blood cell hemolysis with 2% acetic acid. Blood smears were stained with Diffquick.
Bronchoalveolar lavage. BAL was centrifuged at 700 g, and supernatant was stored at Ϫ80°C for protein estimation and cytokine assay. Cells were resuspended at 10 6 /ml to make cytospin for differential cell count.
Protein assay. Bradford's reagent was used to assess total lung as well as BAL protein.
Hematoxylin-and-eosin staining. The Tissue-Tek O.C.T. (Optimal Cutting Temperature) Compound-embedded left lung was cut into 4-m sections and stained with hematoxylin and eosin to assess degree of lung inflammation.
Anti-Gr1 and phosphorylated p38 MAPK immunohistochemistry. Briefly, cryosections were subjected to endogeneous peroxide removal followed by antibody blocking, as well as treatments with primary rat anti-mouse Gr1 or anti-phosphorylated p38 MAPK (antipp38 MAPK) and secondary anti-rat HRP-conjugated antibody. Negative controls and positive controls comprising omission of primary antibody and von Willebrand factor (vWF) stain, respectively. Isotype-matched controls, namely mouse IgG2b and rabbit IgG antibodies, were also run to check the specificity of the Gr1 and pp38 MAPK antibodies, respectively. We also performed phosphorylated p38 MAPK (pp38 MAPK) immunostaining on peripheral blood neutrophils isolated from the 24 h in vivo subcutaneous angiostatin treatment experiments (27) . Briefly, the neutrophil cytospin slides were fixed with 4% paraformaldehyde for 15 min, washed with PBS, permeabilized with 0.5% Triton-X, and processed for standard pp38 MAPK immunostaining.
MPO assay. Lung homogenates were prepared in 50 mM HEPES (pH 8.0) and centrifuged at 900 g (3,000 rpm) for 20 min at 4°C. The pellet was resuspended in 0.5% CTAC (cetyl trimethylammonium chloride) solution and rehomogenized. MPO colorimetric assay was performed (31) using 3,3=,5,5=-tetramethylbenzidine as substrate for H 2O2 under low pH conditions. MPO from human leukocytes was used as a standard. Results were expressed as MPO units per milligram of lung tissue.
Terminal deoxynucleotidyl transferase biotin-dUTP nick-end labeling assay of lung. Terminal deoxynucleotidyl transferase biotin-dUTP nick-end labeling (TUNEL)/staining (Roche in situ cell death detection kit) was used to assay cellular apoptosis, as recommended by the manufacturer. Ten fields per section from the regions with cell apoptosis were examined at a magnification of ϫ100.
Cytokine assay. Sandwich ELISA was performed on lung homogenates for monocyte chemoattractant protein-1 (MCP-1), keratinocyte chemoattractant (KC), interleukin-1␤ (IL-1␤), macrophage inflammatory protein-1 alpha (MIP-1␣) using ELISA kits (R&D Systems, Minneapolis, MN).
Lung cytokine/chemokine analysis. RNA was isolated from lung samples and purified using the RNase mini kit followed by RNasefree DNase treatment (Qiagen, Mississauga, ON, Canada ON, Canada). The mRNA was reverse transcribed using the QuantiTect reverse transcription kit (Qiagen) with a mixture of universal oligo dT and random primers and followed by reverse-transcriptase PCR analysis using QuantiFast SYBR Green PCR kit (Qiagen) using the primer pairs: 5-ATGGCAACTGTTCCTGAACTC-3= and 5=-CT-GCCTGAAGCTCTTGTTGAT-3= for interleukin-1␤ (GenBank accession no. BC011437), 5=-ATGAAGGTCTCCACCACTG-3= and 5=-GCAAAGGCTGCTGGTTTCA-3= for MIP-1 (GenBank accession no. NM_011337), 5=-ATGCAGGTCCCTGTCATGC-3= and 5=-GCT-GCTGGTGATCCTCTTGTA-3= for MCP-1 (GenBank accession no. NM_011333), 5=-AGTGCCTGCAGACCATGG-3= and 5=-CTTGC-CTTGACCCTGAAGC-3= for KC-1 (GenBank accession no. NM_ 008176), and 5=-TGCATCCTGCACCACCAACTG-3= and 5=-GGG-CCATCCACAGTCTTCTGG-3= for GAPDH (GenBank accession no. BC096042). The negative control consisted of all the components of the reaction mixture except RNA. The reaction analysis was performed using the MX3005P Light-Cycler (Stratagene, La Jolla, CA), as per the manufacturer's instructions. The cDNA was denatured for 5 min at 95°C, followed by amplification of target DNA through 45 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 60°C for 45 s. Relative expression levels were calculated after the correction for expression of GAPDH using MxPro software.
Western blots. Briefly, lung homogenates extracted with equal volume of 2ϫ Laemmli sample buffer concentrate (Sigma) were electrophoresed in 12% SDS-PAGE at 180 V followed by electrotransfer to nitrocellulose membranes at 100 V for 60 min. The resulting membranes were blocked (5% skim milk in 0.1% PBSTween for 60 min), incubated with rat monoclonal plasminogen antibody (ab61387) overnight at 4°C, washed three times with PBSTween for 5 min each, and exposed to HRP-conjugated anti-rat IgG antibody for 60 min. The membrane was treated with ECL (enhanced chemiluminescence system) solutions (Western blotting detection reagents; GE Amersham, Little Chalfont, Buckinghamshire, UK) and developed with special ECL-sensitive films (GE Amersham). The probed membranes were restored with blot-restore solution (Millipore, Temecula, CA) to be reprobed with ␤-actin. Angiostatin expression was normalized to actin through densitometric quantification with Adobe Photoshop.
Statistical analysis. Results were analyzed by utilizing GraphPad Software (San Diego, CA). One-way ANOVA was applied followed by Bonferroni's post hoc test for all group comparison to assess differences between two groups. The treatment significance was set at P Ͻ 0.05.
RESULTS

Subcutaneous Treatment with Angiostatin Inhibits Early Signs of LPS-Induced Lung Inflammation
Peripheral blood leukocyte counts. While total cell counts in the peripheral blood did not differ among treatment groups, monocytes were decreased and neutrophils were significantly increased in all the LPS-challenged animals compared with the saline controls (data not shown).
BAL protein. BAL protein concentration ( Fig. 2A) , an indicator of lung vascular permeability, was significantly increased in LPS-treated mice (343.7 Ϯ 11.3 g/ml) compared with the saline-treated mice (156.0 Ϯ 42.8 g/ml). All of the LPS groups with or without angiostatin treatment had significantly higher BAL protein concentration compared with the control groups (saline only, intravenous angiostatin only, and subcutaneous angiostatin only). The subcutaneous but not intravenous angiostatin treatment of LPS-instilled animals caused a significant reduction in protein concentration (303.4 Ϯ 15.7 g/ml) compared with the LPS-treated control mice at 9 h ( Fig.  2A) post-LPS instillation. BAL cell counts. LPS caused a significant increase in BAL total cell counts, as well as neutrophil counts, compared with the controls (Figs. 2, B and C) at 9 h after LPS treatment. The subcutaneous, but not intravenous, angiostatin treatment of LPS-treated mice significantly decreased the BAL leukocytes compared with the LPS-only group at the 9-h time point (Fig.  2 , B and C). Intravenous, as well as subcutaneous, angiostatin treatment of LPS-challenged mice, caused a significant increase in apoptotic neutrophils in the BAL (Fig. 2D ) compared with the saline, intravenous angiostatin-only, subcutaneous angiostatin-only, and LPS-alone groups. BAL from mice treated with angiostatin alone, irrespective of the route, primarily showed alveolar macrophages and lacked neutrophil recruitment.
Lung histology. Lung sections from the saline group showed normal alveolar septa (Fig. 3A) , while those from the LPStreated mice had septal congestion, neutrophil accumulation in the septa, and the perivascular and peribronchiolar spaces (Fig. 3B) . Compared with the lung sections from the LPSϩ intravenous angiostatin mice (Fig. 3C) , those from LPSϩ subcutaneous angiostatin mice showed markedly reduced histological signs of ALI (Fig. 3D) . Although all of the lungs were lavaged, we still observed neutrophils in the alveoli of lung sections from the LPS, as well as LPSϩintravenous angiostatin, mice, which suggests more robust migration of neutrophils or their increased adhesion to lung tissues. Mice treated with angiostatin only, either intravenously or subcutaneously, showed normal lung histology (data not shown) similar to the saline-only group.
Lung vWF immunohistology. We also used vWF staining (vWF insets in Fig. 3 ) as an indicator of inflammation because vWF is released from Weibel-Palade bodies in endothelial cells and plays a role in cell adhesion. Although vWF was present in the blood vessels in the saline-treated lungs (Fig. 3A) , the expression was increased in LPS-treated lungs (Fig. 3B) . The intravenous (Fig. 3C) angiostatin treatment of LPS-treated mice led to intense vWF expression in lung vessels. The subcutaneous treatment with angiostatin ( Fig. 3D ) resulted in vWF expression similar to the control (Fig. 3A) and angiostatin-only treated animals (data not shown).
Anti-Gr1 immunohistochemistry. Gr1 antibody was used to evaluate the neutrophils still trapped in the interstitial compartment of the lungs after the lavage. Perivascular spaces in the saline-treated control (inset in Fig. 3A) , as well as angiostatinonly treated mice (data not shown) were devoid of neutrophils in contrast to robust staining for neutrophils in the perivascular compartment of LPS-treated mice ( . Hematoxylin-and-eosin (H&E)-stained lung sections from saline-treated control mouse show normal histology (A) and signs of inflammation in 9-h LPS-exposed mice (B). The inflammation at 9 h post-LPS treatment is much reduced in LPS-treated mice given subcutaneous angiostatin treatment (C) compared with those given angiostatin intravenously (D). The insets labeled vWF show expression of inflammatory marker von Willebrand Factor (vWF) to be more prominent in LPSϩintravenous angiostatin compared with other groups. Gr1 immunohistochemistry insets show lack of neutrophils in perivascular compartment (*) in control mouse (A), while LPS-treated mouse lung showed robust accumulation of neutrophils in the perivascular compartment. The accumulation is nearly absent in lungs from mice given LPS followed by subcutaneous angiostatin (C) but not in the mice treated with angiostatin intravenously (D). BV, blood vessel; B, bronchiole. (Fig. 3C) . Lungs from LPS-treated mice given angiostatin subcutaneously (Fig. 3D) showed very few neutrophils in the septum and the perivascular compartment.
Lung MPO. MPO, as a surrogate indicator of neutrophils trapped in the lavaged lungs, was significantly lower in the saline, as well as angiostatin intravenous and angiostatin subcutaneous-only groups, compared with the LPS or LPSϩ intravenous angiostatin treatments at 9 h following LPS treatment (Fig. 4) . However, LPS-challenged mice treated with angiostatin, either subcutaneously or intravenously, showed significantly lower MPO compared with the LPS-only animals.
TUNEL assay of the lung. Because angiostatin induces apoptosis in endothelial cells and we noticed higher numbers of apoptotic neutrophils in the BAL of mice treated with both angiostatin and LPS, we evaluated the extent of apoptosis in lungs from mice exposed to various treatments. While TUNEL-positive cells were absent in saline (Fig. 5A) , as well as angiostatin-only treated (data not shown) and LPS-treated (Fig. 5B) mice, there were apparently more apoptotic cells, including neutrophils in alveolar septa and alveoli of LPSϩangiostatin subcutaneous mice (Fig. 5, D and E) . Numerical counts of TUNEL cells showed significantly more apoptotic cells in lungs from LPS-challenged mice treated with angiostatin either intravenously (Fig. 5C ) or subcutaneously, compared with those treated with LPS only (Figs. 5E) . Within the limitations of resolution of a light microscope, some endothelial cells especially in LPSϩangiostatin intravenous mice (Fig. 5C ) appeared to be TUNEL-positive.
Expression of IL-1␤, MIP-1␣, MCP-1, and KC in BAL and lung tissues.
To understand mechanisms through which angiostatin may be influencing neutrophil migration into the lung, we assayed IL-1␤, MIP-1␣, MCP-1, and KC protein in BAL and mRNA lung homogenates because of their well-established roles in ALI. The data showed significant increase of all the cytokines tested in LPS-treated groups compared with those given only saline (data not shown), but no differences among the LPS-treated animals with or without angiostatin, irrespective of the administration route. Also, mRNA levels of these cytokines and chemokines in lung tissue were not different among endotoxin-treated animals (data not shown).
pp38 MAPK immunohistochemistry. To determine whether angiostatin altered the expression of phosphorylated p38 MAPK, which regulates apoptosis and other cell responses (2), we stained lung sections for pp38 MAPK. Only occasional pp38 MAPK-positive cells were noticed in lungs of saline- (Fig. 6A) and angiostatin-only treated mice (data not shown). The pp38 MAPK staining was intense in neutrophils and alveolar septa in the lungs of LPS-treated mice (Fig. 6B ). Many neutrophils expressing pp38 MAPK were adhered to the endothelium (Figs. 6, C and D) . Although there were many positively stained neutrophils in LPSϩintravenous angiostatin (Fig. 6D ), subcutaneous treatment with angiostatin caused a marked decrease in pp38 MAPK expression in leukocytes and near absence in alveolar septa (Fig. 6E) .
Western blots for angiostatin. Finally, we determined whether exogenous angiostatin treatment altered amounts of angiostatin in the lungs. We found plasminogen bands at 105 kDa BAL in lung homogenates from mice in all of the groups. Angiostatin forms (50 kDa) were detectable in LPS-treated lung homogenates as well as in BAL (Fig. 7, A and B) . Very faint bands for 50-kDa angiostatin were also observed in the lung homogenates from subcutaneous angiostatin-only-treated mice (Fig. 7A) . Densitometry for 50-kDa angiostatin bands in relation to actin bands showed a significant increase in angiostatin expression in lung homogenates from all of LPStreated mice compared with the saline or subcutaneous angiostatin-only group (Fig. 7A) . Lung homogenates, as well as the lavage supernatant from intravenous angiostatin-onlytreated mice lungs, show no detectable 50-kDa angiostatin bands (data not shown). The lung homogenates from mice administered both LPS and subcutaneous angiostatin showed significantly more angiostatin compared with the LPS only as well as LPSϩangiostatin intravenous mice (Fig. 7A) .
BAL from mice treated with saline only, subcutaneous angiostatin only, and both LPSϩsubcutaneous angiostatin did not show any bands corresponding to 50 kDa angiostatin (Fig.  7B) . The angiostatin expression in BAL from LPS-treated mice was 40-fold higher compared with those treated with saline, as well as all of the angiostatin-treated mice (Fig. 7B) . Interestingly, there were no differences in angiostatin levels in BAL from the control, as well as mice treated with LPS and subcutaneous angiostatin.
Subcutaneous angiostatin treatment inhibits LPS-induced lung inflammation at 15 and 24 h.
To further extend observations on the beneficial effects of subcutaneous angiostatin on LPS-induced lung inflammation, we performed additional studies to find out whether effects of angiostatin lasted up to 24 h. BAL protein was significantly lower in the saline and subcutaneous angiostatin-only-treated groups at 15 ( 202.9 g/ml) and 24 h (1,838.0 Ϯ 181.1 g/ml) than the LPS-only groups (Fig. 8A) . The LPS and subcutaneous angiostatin treatment caused significant reduction in BAL protein compared with the time-matched 24 h LPS-only group (922.3 Ϯ 150.1 g/ml) (Fig. 8A) (Fig. 8B ). We noted a significant reduction in BAL leukocyte counts at 15 (4.7 ϫ 10 6 Ϯ 2.2 cells), as well as 24 h (8.7 ϫ 10 6 Ϯ 0.7 cells) in LPS-treated mice given angiostatin subcutaneously compared with the time-matched LPS-only groups (Fig. 8B) .
Lungs from mice treated with LPS showed intense inflammation characterized by neutrophil influx in alveolar septa, as well as perivascular and peribronchiolar areas, septal thickening, and edema (Figs. 9, A and C and insets) . Mice treated subcutaneously with angiostatin following LPS challenge showed reduced inflammation at 15 h (Fig. 9B and insets) and 24 h (Fig. 9D and insets) .
Lungs from both of the groups of mice challenged with LPS alone showed significantly more MPO concentrations compared with the saline control (Fig. 10) . Subcutaneous angiostatin administration 5 h after LPS treatment caused significant (P Ͻ 0.01) reduction in MPO concentration compared with the LPS group at 24 h but not 15-h time point (Fig. 10) .
Ex vivo neutrophil pp38 MAPK immunocytochemistry. To further clarify whether a single treatment with angiostatin inhibited expression of pp38 MAPK in peripheral blood neutrophils, we stained peripheral blood neutrophils from the 24-h study for pp38 MAPK. Compared with pp38 MAPK staining in occasional neutrophils from both saline (Fig. 11A) , angiostatinonly (Fig. 11B) , and LPSϩangiostatin (Fig. 11D ) treatment groups, we observed significantly more pp38 MAPK-positivestained neutrophils from 24-h LPS-only group (Fig. 11, C and E) .
Intravenous angiostatin treatment and lung inflammation. To further clarify the effects of intravenously administered angiostatin on LPS-induced ALI, we either coadministered angiostatin with LPS or 5 h after LPS treatment (data not shown). There was a significant increase in protein concentration in BAL from the 12-h LPS-treated mice (366.4 Ϯ 2.7 g/ml) compared with the time-matched controls (54.7 Ϯ 1.0 g/ml) (P Ͻ 0.02). Intravenous coadministration of angiostatin with LPS resulted in significant reduction in BAL protein (159.7 Ϯ 0.9 g/ml) compared with the 12-h LPS-only group. However, there was no difference between the LPS-only mice and those receiving angiostatin 5 h after LPS treatment (260.3 Ϯ 4.6 g/ml) and euthanized 12 h after LPS treatment.
Total cell counts in the BAL were significantly higher in the LPS-only group (6.6 ϫ 10 6 Ϯ 0.9) compared with the saline control (0.4 ϫ 10 6 Ϯ 0.1) at 12-h time point. Neither intravenous coadministration (3.3 ϫ 10 6 Ϯ 0.1) nor administration of angiostatin 5 h after LPS treatment (7.2 ϫ 10 6 Ϯ 0.3) affected BAL cell counts or MPO concentrations in lung tissues compared with the LPS-only group (data not shown). 
DISCUSSION
We report important data showing inhibition of both early and late signs of acute lung inflammation by single subcutaneous treatment with angiostatin 5 h after a single intranasal challenge with LPS. These data are significant because of the ongoing lack of major therapeutic breakthroughs against acute lung injury. We used a well-established mouse model of lung inflammation where intranasal E. coli LPS induces neutrophil migration, increased microvascular permeability, and monocyte/macrophage recruitment, and all these changes are observed within 24 h of LPS administration (5, 16) . The subcutaneous angiostatin treatment caused a significant reduction in neutrophil numbers in the BAL at 9, 15, as well as 24 h after LPS instillation and reduced MPO concentrations in lung homogenates at 9 as well as 24 h after LPS instillation. Furthermore, there was reduced septal congestion and near absence of inflammatory cells in the perivascular, peribronchiolar, and septal compartments of LPS-treated mice that were administered angiostatin subcutaneously. The subcutaneous treatment with angiostatin also inhibited LPS-induced edema formation, as indicated by reduction in BAL protein concentration, in the lungs at 9 and 24 h after LPS instillation.
These data show that subcutaneous administration of angiostatin inhibits two major characteristics, neutrophil accumulation and vascular permeability, of LPS-induced ALI in mice.
Neutrophil migration is a hallmark of ALI and is induced through a complex interplay of adhesion molecules, cytokines, and chemokines (20) . To explore potential mechanisms of actions of angiostatin, we examined the expression of chemokines such as KC, MCP-1, and MIP-1␣, which are known mediators of neutrophil migration in the lung (43) and IL-1␤, which is a major player in activation of endothelium in the LPS-induced lung inflammation. The subcutaneous angiostatin treatment did not alter the LPS-induced increases in expression of MCP-1, KC, MIP-1␣, and IL-1␤ protein and mRNA in BAL and lung homogenates, respectively. Angiostatin, however, reduced immunohistologic expression of vWF, an inflammatory adhesive protein, in lung vessels, and pp38 MAPK in neutrophils in lung tissues, to suggest potential mechanisms underlying the reduced recruitment of neutrophils into inflamed lungs. The data showing reduced immunocytological staining of pp38 MAPK in neutrophils isolated from peripheral blood of mice treated with LPS and subcutaneous angiostatin may be important because p38 MAPK critically regulates neutrophil chemotaxis, survival, and production of reactive oxygen species (18, 29) . These in vivo data are supported by our recent in vitro observations that angiostatin shuts down phosphorylation of p38 MAPK, alters cytoskeleton of activated neutrophils, and inhibits chemotaxis (3) . In addition to the suppression of pp38 MAPK in lung tissues and peripheral blood neutrophils by angiostatin, it is possible that angiostatin may also manifest its actions through interactions with one of its receptors such as integrin ␣ v ␤ 3 , which is expressed by neutrophils and endothelial cells in the normal and the inflamed lungs (15, 34) . The ␣ v ␤ 3 integrin plays a role in neutrophil migration, and its ligation by multimeric vitronectin increases lung capillary permeability (14, 41) . Interestingly, we recently showed increased immunohistologic expression of angiostatin, vitronectin, and integrin ␣ v ␤ 3 in alveolar septa and inflammatory cells in lungs from human sepsis patients (35) . The exogenous as well as endogenous angiostatin may interfere with the functioning of integrin ␣ v ␤ 3 to reduce migration of neutrophils and also maintain lung barrier function to suppress lung edema formation in LPS-treated mice. We have also found with confocal microscopy and coimmunoprecipitation that angiostatin interacts with integrin ␣ v ␤ 3 (3). Nevertheless, subcutaneous treatment with angiostatin inhibited phosphorylated p38 MAPK expression without altering expression of the inflammatory mediators examined in this study.
Apoptosis is a noninflammatory way of eliminating activated neutrophils, inhibiting release of reactive oxygen species and lysosomal enzymes, and initiating processes, such as IL-10 production and macrophage recruitment to restore physiological homeostasis (23, 24) . Intravenous, as well as subcutaneous angiostatin injection in LPS-treated mice, induced significant apoptosis in BAL neutrophils compared with mice treated with LPS or angiostatin only. The integrin ␣ v ␤ 3 also plays a role in increased survival and proliferation of endothelial cells (6, 7, 10, 41) . Angiostatin binds to and inhibits F 1 F 0 ATP synthase under conditions of low pH to cause ATP deficiency and consequently caspase-mediated apoptosis (42, 44) . In vitro data from our laboratory show that angiostatin binds to F 1 F 0 ATP synthase, induces activated caspase-3, and causes apoptosis in LPS-treated neutrophils (3). Although both intravenous and subcutaneous treatments with angiostatin increased apoptotic cells in the LPS-treated lungs, only subcutaneous angiostatin had clear anti-inflammatory effects.
In contrast to therapeutic effects of subcutaneous angiostatin in LPS-treated mice, the intravenously administered angiostatin had intriguing effects on lung inflammation. Intravenous treatment of LPS-challenged mice with angiostatin shows significant lung inflammation, as indicated by migration of neutrophils and vascular expression of vWF, and it had no effect on BAL protein and lung MPO compared with LPStreated mice, even at longer time points, such as 12 h (data not shown). It is important to note that angiostatin alone administered via either of the routes did not cause lung inflammation in normal mice. The specific mechanisms underlying the inflammatory actions of intravenous angiostatin compared with the subcutaneous angiostatin in LPS-treated mice could not be ascertained from this study. The bolus nature of angiostatin concentrations in the vascular compartment leading to endothelial activation and potential induction of apoptosis via integrin ␣ v ␤ 3 may lead to increased hydraulic conductivity and inflammation (41) . On the basis of these data, it appears that intravenous in contrast to subcutaneous angiostatin may not yield beneficial effects in endotoxin-induced ALI.
The angiostatin levels in BAL and lung tissues following subcutaneous or intravenous treatments were also different. Higher levels of angiostatin in BAL in LPS-treated mice most likely were contributed by alveolar macrophages, newly migrated neutrophils, as well as leakage of angiostatin from lung vasculature, and these levels were reversed by anti-inflammatory actions of subcutaneous angiostatin. The subcutaneous angiostatin, however, led to higher levels of angiostatin in lung tissues in LPS-treated mice compared with only LPS treatment, most likely through retention of angiostatin in lung vasculature through binding to endothelial integrin ␣ v ␤ 3 , strengthening of vascular barrier to prevent leakage into alveoli, and reduced production in the alveoli because of inhibition of alveolar recruitment of activated neutrophils that can produce angiostatin. While BAL levels of angiostatin were lower in LPS-treated mice administered intravenous angiostatin compared with the LPS-only mice, the lung homogenate levels were not different between the two groups. Although the reasons for these differences are not clear from our study, it seems that an intravenous bolus of angiostatin is not absorbed at high levels by the lung tissues compared with subcutaneous treatment because of potentially quick metabolism and excretion from the body. Therefore, the sustained, but not sharp, bolus availability of angiostatin in vascular compartment compared with BAL levels seems to be critical for its therapeutic effects. Additional experiments are required to delineate pharmacokinetics of angiostatin administered via different routes in normal and LPS-challenged animals.
On the basis of these data, we conclude that subcutaneous treatment with angiostatin ameliorates LPS-induced acute lung inflammation through reduction of neutrophil migration, vascular permeability, and phosphorylated p38 MAPK expression in the lungs. The angiostatin treatment also caused apoptosis in neutrophils and lung parenchymal cells. While further studies are needed on the effects of angiostatin on lung inflammation in a bacterial infection model of pneumonia, it appears that angiostatin treatment fine-tunes neutrophil migration without completely shutting it down and abrogating the innate inflammatory response. Different letters indicate statistical differences (P Ͻ 0.05) between the groups, while letters that match each other indicate no statistical difference. Scale bar ϭ 10 m for wide fields; 5 m for insets.
